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Introduction
Despite the scientific consensus of global warming and climate change, scientists are still
unsure how to appropriately address the problem. Although some fluctuation in the Earth’s
temperature is inescapable, anthropological contributions are in fact enhancing the warming
process. Through our land use practices, booming global industries, and over consumption of
natural resources, we are accelerating a potentially deadly trend. The expected increase of 2⁰5⁰ C within the next century will have devastating consequences. At this point, it is no longer
whether or not climate change is occurring, but how fast the negative effects of our changing
climate will be felt. While scientists argue the cause of climate change, anthropogenic or
natural, individuals all over the world are suffering due to climatic changes. Those most gravely
affected are predominantly in third world countries, where resources are quickly dwindling due
to warming trends. Changes in precipitation patterns, harsh and unrelenting seasonal
variations, and poor land management strategies have made life more difficult for many
individuals in developing nations. Global warming coupled with poor land use practices are
forcing millions of individuals into urban city centers where overpopulation, poor
infrastructure, and poor living conditions are leading to great social distress.
Many natural life-support systems have been threatened as a direct result of climate
change. Consequences of climate change include water shortages, extreme weather patterns,
agricultural failure, and increased mortality rates for all living things (Stern, 2006). Agencies
and governments across the world are now trying to implement various laws and regulations to
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help curtail greenhouse gas emissions (GHG) and educate their citizens toward a more
sustainable way of living. But many regulations are challenged by industries with political
influence that are fearful of losing capital and slowing economic progress.
For developed nations, including the US, abiding by new proposed GHG regulations will
be easier than for third world nations whom are rapidly expanding. Adherence to such
regulations could hinder their chance to become a player in the global market. Thus the world
has found itself stuck in a conundrum; placing sanctions on developing countries to lower their
emission output and implementing better land management practices without significantly
impacting their budding economy. However, the global community must make an effort to
change collectively, or we will all suffer the consequences of our poor environmental decisions.

Where It All Began
The industrial revolution in England initiated our current climate change crisis. With the
development of combustion engines, new dependency on fossil fuels and huge growth in the
industrial sector, overwhelmingly high amounts of CO₂, methane, and many other potent
chemicals began to be released into the atmosphere. Never before were humans able to
harness so much power and energy from natural resources. We had discovered something
incredible. However, we had no idea of the environmental impacts of our actions and never
considered our resources to be limited. Regulations did not exist, nor did the concept of
environmental protection; all we saw was pure, raw energy that came in the form of oil, natural
gas, coal, and wood. Soon technologies began to spread to other parts of Europe and America,
which quickly become societies of great wealth and power. Those nations too poor to afford
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the new technologies and energy developed at a much slower pace. Our world became
delineated by wealth; first, second, and third world titles were placed upon countries, third
being the poorest and therefore least important.
It is very easy to draw a parallel between the industrial revolution in England and the
industrializing nations of today. Many issues faced by the British over 200 years ago are now
being faced by places like, South America, India, Mongolia, and certain parts of China. These
places are facing such issues as, overcrowding, lack of substructure, poor labor laws, lack of
emission regulations, and an unsavory desire for capital. Their want for a strong economic
standing far outweighs the concern for humanity and the environment, as it did during the
industrial revolution. It is a tragedy that 200 years later, the Earth’ inhabitants have yet to learn
from previous mistakes or even how to better prepare for the future.

Global Greenhouse
In the atmosphere there exist natural greenhouse gases such as carbon dioxide, nitrous
oxide, methane, and water vapor. These are gases that help trap heat and keep the Earth’s
surface warm. If not for this phenomenon life could not exist on Earth, for it would be a frozen
wasteland. When humans discovered how to burn fossil fuels (coal, crude oil, natural gas) for
energy, billions of tons of human produced carbon dioxide, methane, and other compounds
were released into the atmosphere annually (Stern, 2006). Over the last 200 years dependency
on natural resources has only increased. And because of that the atmosphere has been
inundated with harmful emissions. As a result, we are now witnessing the consequences of our
modern industrial practices. Carbon dioxide has the ability to trap outgoing long wave radiation
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as it tries to exit the atmosphere. The trapped heat energy is then radiated back towards Earth,
thus increasing air and surface temperature; this is called the Green House effect. Harmful
emissions have increased in our atmosphere mainly due to economic growth and an increased
demand for energy from the growing global population. Much of the released CO₂ is directly
from energy generation (power usually in the form of electricity) but also from a variety of land
use practices, transportation, agriculture, and several other sources ( Stern, 2006). Figure 1 is a
comparison of Global CO₂ emission from 1997 to 2007. In ten years the global energy output
increased by 17.3%, that’s 6,004.5 metric tons (Mt) of CO₂ into the atmosphere strictly from
anthropogenic sources (total excludes land use change, website did not indicate why land use
change was not calculated). The largest increase of total energy output comes in the form of
the production of electricity (mostly for lighting and heating), which increased over 10% in the
last decade; this is directly related population increase. In order to meet the energy needs of
the increasing population more natural resources are exploited to supply the demand.
Governments are slowly beginning to understand the essential need to cap emissions and
began placing sanctions and restrictions on industry to decrease the GHG effect. But again,
those trying to impart sanctions are met with rejection by governmental officials and large
business moguls in developing countries scared of losing profit.
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Figure 1
GHG Emissions by Sector in 1997
CO2
(includes land use change)
World
Sector

MtCO2e

%

Energy
Electricity & Heat
Manufacturing & Construction
Transportation
Other Fuel Combustion
Fugitive Emissions

22,143.1
9,692.2
4,591.1
4,527.7
3,140.5
191.6

78.0
34.2
16.2
16.0
11.1
0.7

Industrial Processes

765.8

2.7

Land-Use Change & Forestry 5,464.1
Total

19.3

28,373.0

GHG Emissions by Sector in 2007
CO2
(excludes land use change)
World
Sector

MtCO2e

%

Energy
Electricity & Heat
Manufacturing & Construction
Transportation
Other Fuel Combustion
Fugitive Emissions

28,147.8
13,407.2
5,714.8
5,610.5
3,208.0
207.4

95.3
45.4
19.4
19.0
10.9
0.7

Industrial Processes

1,381.3

4.7

Total

29,529.2

Source: Climate Analysis Indicator Tool: http://cait.wri.org/cait.

Scientists and politicians are trying to find practical ways of lowering GHG emissions while
preserving the fragile economy of developing nations. Countries like China and India are
developing and expanding at an exceptionally fast rate and without stringent regulations to

7

guide their GHG emissions, these countries and the rest of world will suffer gravely in the
future.
It is no longer debated; GHG emissions are significantly contributing to global warming.
Science has repeatedly proven GHG effects on surface and atmospheric warming (Ravkin,
2011). Scientists fear if current trends continue we will see CO₂ levels double that of current
industrial levels within in the next one hundred years. Climatologists are speculating that with a
“business as usual” approach we will see an increase of 2-5⁰C in global temperature within a
century (Pearce, 2006). While the increase seems insignificant, this small increase in
temperature will have profound effects on positive feedback mechanisms. Mechanisms such as
storm intensity, glacial melting, changing sea surface temperature and levels, changes to
vegetation, and water availability will all be impacted negatively when global temperatures
increase. At this point, it is no longer a question if these changes will occur, but when and how
severe the consequences of these changes will be.
Although climate change and GHG emissions are a global issue, it will be developing
nations who will suffer most from global warming, while contributing the least. Figure 2
illustrates how GHG emissions are unevenly distributed globally. America is still the number one
contributor to GHG emissions and has been for the last 250 years (Pearce, 2006). Figure 2
represent the net CO₂ emissions since year 1750 to 2006. The top three GHG producing
countries are American, Europe, and China. If China continues on its industrial trajectory they
will soon surpass emissions of Europe (Ravkin, 2011). European and American trade are fueling
GHG emissions in China due to their reliance on China’s inexpensive exports and services. A
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large percentage of American and European goods are manufactured in China due to lower
production cost, cheaper material, and extremely low cost of labor (Ravkin, 2011).
With all the scientific evidence proving GHG is expediting global warming, what can be
done to help slow the trend? As previously stated, legislation and restrictions on industry must
be put in place and enforced. Enforcement of these restrictions will be the hardest aspect of
controlling GHG emissions, but if industries are given incentives such as tax cuts and rewards
for decreased emissions, legislation may prove a powerful tool in slowing the global warming
trend. Capping emissions isn’t the only solution to mitigating climate change; we must also
implement more sustainable land use practices and environmental management through
regulations and education to help slow the human impact on the environment.

Figure 2
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Source: Carbon Dioxide Information Analysis Center

Too Little, Too Late?
Some scientists and climatologists speculate it is too late, even if we were to decrease
emissions, there is already so much CO₂ in the atmosphere that global warming of 2-5⁰C is
inevitable (Monastersky, 2009). Susan Solomon of the National Oceanic and Atmospheric
Administration in Boulder, CO used an Earth-system model of Intermediate Complexity (EMIC)
to represent the Earth’s carbon cycle. Using various concentrations of CO₂ she simulated how
atmospheric and oceanic cycles would change in accordance to atmospheric levels of CO₂.
What they found surprised them. Carbon dioxide levels subsided so slowly through natural
carbon sinks (i.e., oceans and flora) that concentrations remained significantly higher than
current industrial levels. Solomon states the CO₂ recovery will happen slowly due to two
factors; one because carbon sinks will only be able to absorb a fraction of the CO₂ in the
10

atmosphere and two, approximately 20% of the emitted gas will stay in the atmosphere for
roughly a millennium. Thus the globe will continue to warm even if emissions drop to zero,
which due to the industrial nature of our society will never happen. But scientists such as
Solomon still recommend curtailing emissions on a global scale. Although the results of the
EMIC seem daunting scientists still hold on to hope; what matters now is how much pollution
reaches the atmosphere, not when it gets emitted. The solution is to try to encourage industries
to put a cap on total emissions rather than set a concentration target, “A cap is like a budget.
Once you use it up, there’s nothing left to spend” (Monastersky, 2).
Large industrial nations like America and Europe must place great importance on
reducing total net GHG emissions. Figure 3 is a table of countries ranked in order of cumulative
CO₂ emissions in metric tons. As of 2005 America held 23.28% of the world’s total for CO₂
emissions, but was ranked number five for metric tons (CO₂)/ per person. Although China came
in third for net emission of metric tons (Mt) of CO₂, they were ranked 83 for metric tons/per
person due to their large population. If we were to look at a graph of yearly CO₂ emissions,
China is now number one. In 2010 China emitted over 8,000 MtCO₂. China’s yearly emissions
are followed by the US and Europe (CAIT, 2010).
While not indicated in figure 3, Qatar, ranked 73 for total net MtCO₂ emissions, is
ranked number one for metric tons/per person due to their high ratio of emission and low
population. The majority of Qatar’s emissions come from crude oil extraction. Governments
must now come up with a system to help decrease each regions net emission by about a third.
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Realistically this may take decades but it is something that must be done to ensure a less
caustic environment for our future generations.

Figure 3
Cummalitive Emisions
1990-2005
CO₂ (energy)

Country

MtCO2e Rank

United States of America
European Union (27)
China
Russian Federation
Japan
India
Germany
United Kingdom
Canada
Italy
Korea (South)
Ukraine
France
Mexico
Poland
Australia
Iran
South Africa
Brazil
Spain
Indonesia
Saudi Arabia

86,597.5
64,472.2
55,150.4
26,816.3
19,032.3
14,632.7
14,136.1
8,685.9
8,057.5
6,978.1
6,476.2
6,377.5
6,101.4
5,737.4
5,165.9
5,094.1
4,937.6
4,666.4
4,572.2
4,406.9
4,062.9
4,014.8

% of
World Total

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)

23.28%
17.33%
14.83%
7.21%
5.12%
3.93%
3.80%
2.33%
2.17%
1.88%
1.74%
1.71%
1.64%
1.54%
1.39%
1.37%
1.33%
1.25%
1.23%
1.18%
1.09%
1.08%

Metric tons
CO2e Per Person Rank
287.4
130.3
41.8
188.7
149.0
13.0
171.8
142.4
244.3
117.5
133.7
137.1
98.5
54.5
135.5
241.7
69.5
97.5
24.0
98.2
18.1

(5)
(30)
(83)
(13)
(22)
(125)
(17)
(23)
(7)
(37)
(28)
(26)
(48)
(75)
(27)
(9)
(64)
(51)
(104)
(50)
(116)

Source: http://cait.wri.org/cait.php?page=cumul&mode=view
*Those in red represent the largest contributors of CO₂ emissions
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What Climate Change Will Effect Most
Most understand how GHG will contribute to increased global temperatures, but few
know the tangible consequences of a temperature increase of 2-5⁰ C. The consequences of
climate change are far greater than most realize. The sectors that will be affected most are,
agriculture, water, urbanization, local and global economy, and human health. These issues are
not just regional issues for the people directly affected by them but these issues will become
global problems when we begin to understand how intricately the world is tied together
through trade networks, economic dependence, and foreign aid. Consequences of climate
change create a domino effect, when one area is affected it leads to changes in another area.
For example, if precipitation patterns change, agriculture and livestock will be negatively
affected by either too much or too little water. When agriculture and livestock are affected on a
large scale, local economy and the livelihoods of those reliant on agriculture and livestock
become vulnerable. An example of a domino effect is the current condition of Texas. Texas is
now facing one of the worst droughts on record and is taking a huge financial hit from the
drought’s impacts. Farmers throughout Texas have had to abandon crops and livestock due to
water and food shortages. Texas is now plagued by unrelenting fires due to almost six months
of no rain. Climatologists believe the consequences of the drought are worsened by changing
precipitation patterns due to climate change (Walsh, 2011).
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As global temperature increases weather patterns will shift, producing extreme weather
configurations (NASA, 2007). In 2007 NASA and the International Panel on Climate Change
(IPCC) teamed up to create a simple list of potential global and regional impacts of climate
change. In North America scientists speculate there will be a 5-20% decrease in snowpack in the
western mountains. A decrease in snowpack will result in lower yields of rain-fed crops along
the mountain foothills. During summer, heat waves are likely to become more intense and
longer, something that has deadly potential for those at risk.

Scientists have also predicted certain phenomena that will occur due to future climate
trends. Figure 4 illustrates certain climatic events and the likelihood of those events in the
future. From figure 4 we can see most of the impacts will have a direct effect on water supplies.
There are already numerous regions in the world suffering from water scarcity, but the number
of individuals will soon increase at a rapid rate in the next 50 years if water consumption and
mitigation are not heavily monitored and managed.
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Figure 4

Global Climate Change: Future Trends8
Phenomena

Likelihood of trend

Contraction of snow cover areas, increased thaw in permafrost regions,
decrease in sea ice extent

Virtually certain

Increased frequency of hot extremes, heat waves and heavy precipitation

Very likely to occur

Increase in tropical cyclone intensity

Likely to occur

Precipitation increases in high latitudes

Very likely to occur

Precipitation decreases in subtropical land regions

Very likely to occur

Decreased water resources in many semi-arid areas, including western U.S.
and Mediterranean basin

High confidence

Source: Summary for Policymakers, IPCC Synthesis report, November 2007
http://www.ipcc.ch/

For certain regions the increased precipitation may be beneficial, however, for most
regions increased precipitation will not be. In areas that usually receive light-medium showers,
precipitation patterns will become shorter and more intense. Short intense rain disallows soil to
adequately absorb water and heavy rain will wash away the topsoil, creating runoff leaving soil
nutrients deficient. Thus more rain does not equate more fertile land (IPCC, 2007). As figure 4
illustrates, flooding and cyclones are likely to increase in certain regions around coastline areas,
especially those in tropical to sub-tropical regions. Already floods kill more people worldwide
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and are one of the most destructive events than any other natural phenomena (IPCC, 2007).
This year alone America has endured record cyclones, tornadoes, flooding, and drought, all of
which have had disastrous consequences for American’s (CAIT, 2011). It has been a difficult
year for those most severely affected by human influenced climate change and no one knows
what to expect in the coming years. Figure 4 only illustrates consequences in North America but
climate change, in some way, is affecting every region in the world. Global warming plays a
more dramatic role in countries and regions that are just starting to develop and gain economic
growth. Countries such as, China, India, Mongolia, and certain African nations are all growing
rapidly while dealing with debilitating issues of climate change.

Asia
Many parts of Asia are of major concern for scientists and world aid organizations. Many
climatologists and earth scientists speculate that certain portions of Asia will suffer greatly in
the coming decades from climate induced consequence. China holds 22% of the global
population and while that percentage is slowly dropping, scientists worry about the
consequences of climate change on such a large population. The World Bank estimates the
population of China to be 1,331,460,000, and growing every day. In 2010 China became the
world’s largest exporter of goods with an estimated 10.06 trillion dollars in annual GDP (CIA
Fact Book, 2011). With an increase of 15.7% in the industrial sector from 2008 to 2009 China is
fast becoming one of the strongest economies in the world (CIA Fact Book, 2011). Some argue it
is the strongest economy in the world. However, the Chinese government still faces challenges
amidst its success including: sustaining employment rates as tens of millions of immigrants
16

flood to large cities, reducing corruption and other economic crimes, and most importantly
containing and repairing environmental damage and social discord related to the rapid
transformation of their economy. Maintaining and controlling environmental deterioration is
proving to be an arduous task and extremely difficult to govern. The most significant
environmental damage can be seen in air pollution, soil erosion, shrinking arable land, and a
steady decrease in water availability (CIA Fact Book, 2011). Scientists are concerned if China
continues with a business as usual approach the citizens and environment of China will suffer at
the cost of economic growth.

China
Agriculture in China

China’s labor force is broken up into three sectors: agriculture, industry, and services.
Agriculture still dominates the work force with approximately 38.1% of all Chinese in the food
production sector (CIA Fact Book, 2011). Due to China’s large agricultural sector, a large
proportion of their harmful emissions come straight from agricultural practices. China’s
emissions from agriculture alone make up 15.4% of their total emissions in 2005 (CAIT, 2011).
According to the World Resources Institute’s Climate Analysis Indicators Tool (CAIT), C0₂,
methane and nitrous oxide are important contributors to climate change and China produces
an incredible amount of each directly from the agricultural sector. Because China only has a
small amount of arable land they depend heavily on synthetic fertilizers to replenish their soils
with nutrients. However, this reliance on synthetic fertilizer is becoming a dangerous habit. In
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2009 nitrogen fertilizers made up a total of 88.6% of China’s total nitrogen emissions, which is
an extremely high amount coming only from one sector (Wang, Huand, Rozzelle, 2010). The
percentage of nitrogen emissions is only getting higher as soils become more depleted from
over use and dependency on synthetic fertilizers increases. Methane is another element of high
concern for China. The majority of China’s methane is released into the atmosphere from rice
production. In 2009 methane from rice production alone made up 59.4% of total methane
emissions (Wang, Huand, Rozzelle, 2010). China has two options; one, continue to poison their
air and water ways and increase fertilizer application, or two, find a more sustainable approach
to food production and adapt new technologies before their dependence on synthetic fertilizer
becomes ineffective.
Although China supports such a large population only 7% of the land is arable, which is
currently endangered due to the explosive growth in industrial development and poor
agricultural practices (Wang, Huand, Rozzelle, 2010). Almost 30% of China’s food production
comes directly from rain-fed crops and many of these crops are located in drought prone areas
throughout China. If Global Climate Models (GCM) are accurate, even a small decrease in
precipitation could render three of China’s staple crops, winter wheat (Triticum aestivum L.),
rice, and corn (Zea mays L.,) extremely vulnerable to climate change (Wang, Huand, Rozzelle,
2010). The IPCC predicts that temperature increases and precipitation decreases (the worst
case scenario) could drop the production of China’s three main red-fed crops by 20% to 36%
over the next 20 to 80 years (these are estimates that do not take into account adaptation of
new technologies of management practices that China may introduce in the future in response
to climate change) (Wang, Huand, Rozzelle, 2010). With temperature averages predicted to
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increase by 2-5⁰ C in the next 50-100 years the biggest concern for agriculture is soil moisture
deficit and greater rates of evapotraspiration. Both have potential to significantly lower crop
yields, especially when both forces occur simultaneously (Ma, 2008).
It is not only the temperature increase that threatens crops in China; it is also the
heightened potential of extreme weather patterns. Frequency of extreme weather is a major
concern for China’s crop productivity, especially precipitation variability; too little or too much
rain could prove disastrous for much of China’s rain-fed agriculture. In the last 100 years there
have been notable changes in precipitation in certain regions. The largest change in
precipitation has been in the northern region of China where approximately 30% of winter
wheat is grown. In the northern portion there has been a severe decrease in precipitation
starting in the 1950’s, with a decrease averaging 20-40 millimeters per decade (mm/decade).
Total national average precipitation decreased 2.9 mm/decade from 1950-1970. This shift in
weather correlates with China’s industrial boom, many scientists believe there was a direct
correlation between increased CO₂, methane, and NO₂ emissions and decreased precipitation
(Wang, Huand, Rozzelle, 2010). Scientists have also reported that summer droughts and winter
flooding in northern China have also increased in both intensity and frequency since the 1950’s
(Wang, Huand, Rozzelle, 2010).
Not only will crop yields be affected due to global changes but there is also the issue of
potential increases in food prices and issues associated with global trade and food selfsufficiency for the people of China (Wang, Huand, Rozzelle, 2010). With over a third the
population of China consisting of rural farmer’s, increased food prices could present a
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dangerous predicament for many of China’s citizens (Wang, Huand, Rozzelle, 2010). The IPCC
predicted that a 1⁰C increase in temperature could result in an annual net revenue loss of $10
per hectare; this loss of revenue has potentially devastating financial consequences for farmers
(Wang, Huand, Rozzelle, 2010).
In the last 50 years China has focused on more “labor-intensive and less land-intensive
horticulture, livestock and fishery sub-sectors have expanded rapidly” (Wang, Huand, Rozzelle,
11). Expansion in these sectors allowed the agricultural division to grow rapidly and helped
China’s agricultural trade grow even faster. However, within the last 30 years China has been
witnessing a decline in grain exports (rice, wheat, etc.). In the 1980’s grain exports that once
made up over 30% of exported goods from China dropped approximately 10% every decade.
Currently grain exports make up only 10% of total exports. In recent years, China’s net food
imports were higher than their total exports (Wang, Huand, Rozzelle, 2010). A major concern
for China’s future is their ability to be a self-sustaining nation as their population continues to
grow. Many scientists fear China will have to begin importing the majority of its food as
populations increase and arable land decreases (Wang, Huand, Rozzelle, 2010). This will disrupt
the livelihoods of millions of rural farmers across Asia and generate more reliance on other
nations for survival.
When it is more cost effective for a nation to import staple foods from larger,
subsidized countries, it becomes increasingly difficult for the importing country to produce that
crop domestically. If it costs a rural farmer more to cultivate the crop than its monetary worth
in the global market, famers will cease to grow that product. Rural farmers cannot compete
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with subsidized foreign agriculture. If grain becomes too expensive for China’s famers to grow,
or the input costs more than the output (i.e. cannot make a decent profit), they will have to rely
on other countries for food security. Relying on other countries for food security could make a
growing power-house like China, codependent on other countries for survival. This situation
creates an imbalance of power and could jeopardize China’s desire for complete political and
cultural autonomy.
If we look at the example of the Mexican-American corn issues, we can better
understand how dependence on other counties for staple foods can adversely affect the
livelihood and economic security for citizens on the purchasing end. The North American Free
Trade Agreement which allows trilateral trade between North America, Canada, and Mexico is
also blamed for the Mexican- American corn issues. Without proper agricultural infrastructure
Mexico could not compete with America in the agricultural trade sector. In 1994-2001, the
influx of inexpensive, subsidized American corn caused the market price for Mexican corn to
drop 70%. The significant drop in prices forced millions of rural farmers into poverty (Ensinger,
2011).
China may find itself in a similar situation as Mexico. If China becomes unable to
produce enough of its staple crops within its border due to a decrease in arable land from
industrial land development, ineffective land management practices, and water scarcity, they
will be at the mercy of foreign food assistance. We have seen what food dependency does to
countries that can no longer produce enough food domestically. When regions are affected by
food scarcity their economy, livelihood, and future growth become vulnerable.
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While protecting and maintaining arable land is pertinent to China’s agricultural success,
water scarcity and drought are the biggest issues facing China’s rain fed crops. But China is not
the only country facing current issues of water scarcity. All over the world nations are having to
mitigate agricultural and water issues due to climate induced factors.

Water Issues Facing Chinese Population

Many of China’s crops are fed by elaborate irrigation systems. However, China’s
irrigation systems may be in jeopardy. The Yellow River in China is the second longest next to
the Yangtze River. The Yellow River spans more than 5400 km and many Chinese refer to it as
the “mother river of China” (Cui, Huang, Chen, Morse, 2008). This river sustains nearly 110
million people (approximately 9% of China’s total population) and around ¾ of the residence
living around the Yellow River basin are rural farmers and depend on the Yellow for survival.
However, in recent years dry-outs (when certain parts of the river are dry for a prolonged
period of time) in the Yellow River have increased, and ground water levels surrounding the
river have decreased. The first dry out was observed in 1972 which cut off the water supply to
many rural farmers. Dry outs in the Yellow River only became worse in the following years. In
1997 certain portions of the river were kept dry for over 225 days; water from the river was
unable to flow into the ocean for over 300 days. Scientists in China attribute the dry outs to two
main factors; one, increased surface temperatures and a decrease in precipitation, two,
increased water usage to supply the growing population and support rapid economic growth
(Cui, Huang, Chen, Morse,2008). “Water scarcity and its economic and environmental
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consequences have moved to the forefront as major issue for basin administrators, residents,
and the nation as a whole” (Cui, Huang, Chen, Morse, 477).
The first hurdle is how to solve the pending water imbalance and sustainably endure the
high demand for water without compromising economic growth and agriculture. If water issues
aren’t addressed soon China will experience inter-region conflict over water usage and water
rights, additional consequences of water scarcity. Not to mention the hundreds of thousands
that will have to relocate due to water shortages. Already China is witnessing mass migrations
of rural immigrants to inner cities looking for work and better access to resources. Water
shortages coupled with warmer temperatures are putting strain on many rural farmers in
China. However, overcrowding, lack of infrastructure, and harsh labor laws in the industrialized
cities are proving to be more strenuous on immigrants than previously thought (Cui, Huang,
Chen, Morse, 2008).
It is not only the Yellow River that is affected by our changing climate but water tables in
parts of China are also suffering from surface warming and overconsumption. Figure 5
represents ground water levels in various sites around Beijing, China, a heavily populated area
that depends on groundwater as the water source for most of its population. Since monitoring
began in the late 1950’s levels have steadily decreased. This has caused concerns for the
Chinese government and the residents of Beijing and surrounding areas. Water shortages are
becoming a significant problem in Beijing with less water available per capita. Not only will
agriculture suffer from decreasing groundwater and shrinking Yellow River levels, but drinking
water, municipal water, and water reserved for industry will also be affected.
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Figure 5

Source: Cui, Huang, Chen, Morse, 2008

Droughts
Droughts are natural cycles that plague many semi-arid to arid environments. However,
humans are now influencing the severity and frequency of droughts due to our emissions, land
use practices, and water consumption. China is no stranger to droughts but as the population
grows and the demand for water increases, droughts are becoming a deadly phenomenon.
Droughts not only affect agriculture but also development, power and electricity, and the
regional economy. China heavily depends on hydro-electric power facilitated by the Yellow and
Yangtze Rivers. With decreased precipitation in certain regions of China and summer droughts,
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China’s ability to produce electricity and power is jeopardized. Effects of droughts can last
months to years and come at a high price, sometimes costing billions in damages.

Potential Solutions to Asia’s Agricultural and Water Issues
With the looming reality of climate change upon China, the Chinese government realizes
it must make some significant changes to its agricultural practices and water use strategies if it
is to be a successful and self-reliant country. If the government responds quickly and
adequately adapts to the changing climate they may be able to take advantage of the change in
precipitation and temperature and use them to their benefit. The response of the government
to climate change will be the ultimate determinate in the agricultural outcome for China. These
changes will not be easy nor inexpensive, however, the changes are imperative to ensure a
progressive future for China.
Although no easy task, improving agricultural infrastructure is the first step to ensuring
high crop yields despite changing climate. The Chinese government is now thinking of
accelerating construction of large water-saving irrigations projects. These projects will help
ensure that less water is wasted for irrigation and also create drainage projects for unused
water. In certain areas of China, specifically mountain and desert areas, there is talk of
constructing water storage projects to enhance water utilization (Wang, Huand, Rozzelle, 2010).
Other projects discussed include restoring degraded soil that has been affected by salinization
and alkalization to revive essentially infertile soil (Wang, Huand, Rozzelle, 2010).
The Chinese government also wants to invest more time and energy into research and
development for new agricultural technologies. Large research facilities are looking into genetic
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seed modification and encouraging Chinese government to support research on seed variation.
Scientists are hoping to create seeds that have traits to endure the impacts of drought,
temperature, disease and pest infection on crop yields.
The most important facet of agriculture and one of the largest contributors to China’s
emissions is its dependency on synthetic fertilizers. In China, fertilizer efficiency is low. A typical
wheat farmer will use approximately 220 kg per ha, the world average is around 127 kg per ha
(Wang, Huand, Rozzelle, 2010). Rice paddy fields and maize also use a high ratio of fertilizer.
Due to its over usage, much of the fertilizer is not properly absorbed into the soil and crops and
most of the beneficial nutrients are lost to the environment (Wang, Huand, Rozzelle, 2010).
Nitrogen is the most commonly used synthetic fertilizer in China. China’s reliance and heavy
application of nitrogen fertilizer is now poisoning China’s water systems and fragile ecosystems. Scientists are now encouraging farmers to use point source or site specific
fertilizations and nutrient management. If these methods are used it is estimated that about
20-30% of fertilizer use could be cut, that’s an abatement of 40 megatons of nitrogen emissions
per year (Wang, Huand, Rozzelle, 2010). Wang, Huand, and Rozzelle’s paper point out, a major
reason for over fertilization comes from farmers’ lack of knowledge on crop yield response to
fertilizer application. This is where environmental education becomes a determining factor for
the success of China’s agriculture amidst climate change.
The difficult part about implementing change to ensure better land management
practices is educating the public and informing them of how and why these alternative methods
are so beneficial. Without proper instruction and guidance, many of the rural farmers of China
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will continue using unsustainable farming methods without understanding their environmental
consequences.

Mongolia

Climate Change Effects on Livestock in Inner Mongolia
From 2002-2006 scientists began to realize the intense role climate change has played in
the livelihood for native Mongolian people. Temperature analysis records show Mongolia has
warmed about 2.14⁰ C or 3.85⁰ F since the 1940’s, while precipitation has stayed the same
(Goulden, 2011). Mongolia is predominantly a land of nomadic herders and rural farmers
dependant on livestock (goats, sheep, cows, camels, yak, and horses) and the land for income
and survival. They depend on these animals for milk, food, and hides, and on the land for food,
water, and resources. Mongolia is a land-locked country bordering China and Russia with
approximately 1.588 thousand square kilometers of land. Due to its location and its high
altitude, approximately 1.5 kilometers above sea level and approximately 46⁰ North latitude,
Mongolia experiences extreme seasonal variations (Goulden, 2011).
Winters usually extend from November to late April with an average temperature of
-13⁰F. Summer starts in mid-July and ends in late September with a warm and comfortable
temperature average of 65⁰F. Nomadic herders have learned after thousands of years how to
predict the seasons and their severity by observing the behavior of their animals, wildlife, and
the rate of growth of the summer grasses (Goulden, 2011). But these tactics are no longer
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useful; the seasons, rains, and winds have all proven to be unpredictable and are greatly
changing the Mongolian landscape. In the winter of 2010 the South Hangay Province in
Mongolia experienced one of the most deadly winters on record.
People of Mongolia call it a Zud, a prolonged period of extreme cold and snow that
threatens the survival of livestock and crops. The Zud of 2010 was preceded by an extremely
hot and dry summer drought that stunted the growth of grass. The same grass the nomadic
herders depend on for food for their animals and families. The summer drought left millions of
animals weak and emaciated. When the spring rains did come they weren’t the usual light rain
that allowed the grass to thrive. Instead the rains were heavy and washed away much of the
nutrient rich topsoil and hardly penetrated the soil, leaving the soil dry and nutrient deficient
(Jacobs, 2010). According to UN relief officials almost 8 million cows, yaks, camels, horses,
goats, and sheep died during the winter of 2010; a total of 17% of the countries livestock
(Jacobs, 2010). This event wasn’t only devastating for the herders but for the entire Mongolian
economy. Although mining and tourism make up a large proportion of Mongolia’s economy, a
third of the population still depend greatly on husbandry for survival (Jacobs, 2010).
Zuds used to be predictable and easy to cope with, but since 1999 they have only
increased in intensity and frequency. Herders are losing animals at such alarming rates many
are fleeing rural Mongolia to major cities like Ulan Bator, the capitol of Mongolia. Nomadic
families are literally packing up their yurts (circular tent-like dwellings) and migrating to larger,
industrialized cities creating slum-like areas around them. With little education and skills
needed to succeed in large cities, many herding families are falling into poverty and
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desperation. This influx of immigrates is posing a huge challenge for the Mongolian government
(Jacobs, 2010). With immigration happening so quickly, Mongolian officials have no time to
create proper infrastructure, regulations regarding health and safety issues, or how to
financially handle so many new immigrants. The slum like villages adjacent to cities have no
electricity, no plumbing, and many still heat their yurts with dung and coal, emitting a large
amount of harmful CO₂ and methane into the atmosphere.
Due to little regulation, lack of enforcement, and inefficient methods of energy
production large cities like Ulan Bator are heavily polluted and are now dealing with
environmental health issues including poor air quality and contaminated waterways.
Urbanization has accelerated rapidly; however, environmental infrastructure, regulation, and
enforcement have not been able to keep up (World Bank, 2011). Air quality in these regions is
becoming a major concern for the inhabitants. Because there is very little regulation on
emissions in Mongolia, household heating methods, power generation, industry, and
transportation methods are releasing toxic particulates and other serious pollutants into the
atmosphere at alarming rates. These harmful emissions are creating serious health risks for the
citizens of Mongolia. Every year thousands of individuals develop serious respiratory diseases
(World Bank, 2011). Image 6 is a picture taken mid-day in Ulan Bator of the smog on an average
day. Recently the World Bank rated Ulan Bator one the most polluted cities in the world.
Environmental protection has now become one of the most important tasks of the Mongolian
government, the issue of pollution and overcrowding can no longer be ignored.
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Source: rising.globalvoicesonline.org
Taken at 1 pm, January 16, 2009

Desertification and Deforestation in Mongolia
It is not just livestock and crops yields that suffer due to climatic changes but rivers,
lakes, and plant diversity according to a recent World Bank study (Jacobs, 2010). Since 1997
almost a third of all plant diversity has disappeared in the inner steppes of Mongolia.
Researchers blame this phenomenon on climate change, too many years of nomadic herding,
and deforestation. Many rural regions around the world depend on herding for survival but
hundreds of years of unsustainable herding have hurt the fragile ecology of certain regions.
Unregulated herding has caused land degradation on a massive scale. Parts of China, Africa, and
Mongolia are all witnessing the consequences due to unchanged methods of herding.
As animals move across the landscape in search of food and water they compact the
soil, leaving little open pore space for water to penetrate the soil. Animals, specifically goats,
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tend to eat small saplings down to their roots, disallowing them to sprout the following year.
Animals also disturb the topsoil, leaving it more vulnerable to wind and water erosion.
Mongolia and Africa are currently undergoing a process of desertification. Desertification is
defined as the “expansion of dry lands due to poor agricultural practices such as, overgrazing,
degradation of soil fertility and structure, improper soil moisture management, salinization and
erosion, forest removal, and climate change” (Ritter, 86). Needless to say, desertification is
preventable if appropriate and sustainable land practices are followed. However, where rural
societies have been cultivating land and animals a certain way for thousands of years, it
becomes hard to initiate change. Desertification spreads when the carrying capacity of land is
exceeded; drought and arid climates are at greater risk of desertification (Ritter, 2006). The
process of reversing severe desertification is nearly impossible. The time, money, and resources
needed to turn sand into arable soil are expensive and difficult. Regions like Mongolia do not
have the capabilities nor assets to reverse desertification.
Another destructive land practice used by many around the world is deforestation. In
the last ten years Mongolia has shifted from a centrally planned government to an open market
economy. As this transition has taken place a heavy demand for Mongolia’s natural resources
has increased and is frequently exploited. It is often the case when developing nations begin to
trade in the global market their GDP increases at the expense of the environment. This is
evident in places like Mongolia, China, India, and Southeast Asia. Often the essential need for
survival and desire for capital far outweigh the sustainable methods of natural resource
extraction (World Bank, 2011). In the early 1990’s deforestation rates in Mongolia rose from
about 40,000 ha annually to around 60,000 ha, and this rate is only increasing as timber
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demand grows globally. The World Bank estimates that average levels of harvesting are four
times the sustainable rate of annual allowable cut and estimate that between 40-80% of total
tree removal is illegal (World Bank, 2011). If Mongolia does not soon find alternative sources of
fuel and decrease there timber exports, serious fuel (wood) shortages will be an issue in urban
areas along with other environmental and human consequences associated with deforestation
by the end of the decade (World Bank, 2011).
Years of unsustainable tree removal without replanting or replenishing the forest has
had a grave effect on the Mongolian landscape. Deforestation in ecologically sensitive areas has
led to drying of river beds, a decrease in water tables, and drying of many lakes. In 1999 The
Tuul river in Mongolia was reduced by 32% and nearly half of the reduction was due to the
clear cutting of 210 km^2 near the rivers’ watershed nearly 50 years ago (Batjagal, 2000). Since
1992 scientist have reported several lakes that have completely dried out in southern
Mongolia, including, Onggyn Ulaan, Orog, and the Dzagyn Shal (Batjagal, 2000). Much of the
drying is caused by long summer droughts, over grazing, and clear cutting but also from
diverting water for irrigation and other water demands (Batjagal, 2000). Some rivers have been
replenished since then, but never to their full capacity.
The biggest concern with desertification and deforestation is the amount of soil that is
eroded by wind and water. Top soil, or humus, is the most nutrient rich portion of the soil and
when it is eroded away soil becomes extremely difficult to cultivate. It is estimated that in the
past 30 years approximately 30-50 tons of soil has been removed from each hectare of
cultivated land in Mongolia, directly from erosion (Batjagal, 2000). With water levels
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decreasing, desertification, and more extreme weather patterns, Mongolian herders and
farmers are seeking refuge in large metropolitan centers. This mass immigration from rural to
urban settings has great ecological consequences associated with it.
The people of Mongolia depend heavily on the land for survival and when the land is no
longer able to support their livestock or families they leave in search for better opportunities. A
new term has been coined for individuals who must flee their rural landscapes in search of
available resources, “climate refugees” (Basu, 2009). These people are forced from their homes
because the land has reached it carrying capacity and can longer sustain the people. With no
arable land, no water, and suffering from consequences of drought, they migrate to the nearest
city center hoping to survive. This migration places incredible economic and environmental
strain on cities that receive hundreds of new families each month.
Mongolia only serves as an example of how poor land management practices and lack of
environmental protection can lead to intense environmental degradation. With a rapid
depletion of natural resources and declining environmental health, Mongolia is now relying on
agencies such as the World Bank and the United Nations to assist with regional and economic
improvements. In addition to Mongolia other countries such as Ethiopia, China, and Vietnam,
are suffering from unpredictable consequences of climate change and global warming.

Steps Towards a Greener Mongolia

The issue Mongolia must now face is how to effectively deal with climate change. How is
it going to adapt and change to the demanding and often detrimental realities of climate
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change? United nation secretary, General Ban Ki-Moon said it best while addressing citizens of
Ulaanbaatar, Mongolia,
“I want to talk about how we can and must adapt to the effects of climate change. We must get
serious and we must do so now. There is no time for delay. The people bearing the brunt of the
effects of climate change are those who can least afford to do so and who have done the least
to cause the problem” (Ki-Moon, 2)

Ban Ki-Moon goes on to speak of the necessity to adapt and prepare developing countries for
the negative consequences of climate change. He warns the public of the potential devastation
that will occur due to desertification, widespread famine due to crop failure, economic loses,
and potential death for those adversely effected. Land use practices including deforestation
and agricultural must be drastically changed. Practices such as, animal herding, farming, and
irrigation methods must be modified to reduce water scarcity and loss of fertile land. Water
management must become a priority for every individual of Mongolia and those with livestock
will need to become educated on sustainable grazing practices. Watersheds and catchment
areas must be created to store unused water for future use. Irrigation and water usage must be
monitored to ensure that little is wasted. Most importantly, educating farmers and herders of
sustainable irrigation and farming techniques will be vital.
Mongolia is now trying to focus on vegetation restoration. By replanting certain types of
vegetation, Mongolians can slow soil degradation and erosion. Afforestation and reforestation
plans have been talked about and their beneficial properties recognized, but have yet to
commence (Ban Ki-moon, 2009). Mongolia’s government hopes to invest money in new farming
technologies and eco-system monitoring to reduce vulnerability to natural disasters.
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Mongolia must maintain and update their energy infrastructure. Current methods of
heating, predominantly using coal, wood, and dung must be mitigated. This means Mongolia
must create an effective way of transporting energy and heat to all inhabitants of the region.
This is no easy task, with the influx of nomads creating slum like villages around major cities, it
becomes very difficult to create a proper energy infrastructure. This may take years but they
must decrease their dependency on coal, wood, and dung to ensure a healthier future for all
Mongolians. Mongolia is striving to decrease their harmful emissions and lower their net GHG
emissions over the next 10-20 years.
These changes are vital for the survival of the individuals affected most by climate
change. However, another difficulty lies in the education necessary for implementation of these
changes. Educating rural farmers in remote locations can be quite challenging. Those affected
most by global warming are rural or nomadic pastoralist and farmers, located in central Asia,
sub-Saharan Africa, South America, and India. The idea of sustainability is hard to swallow by
these individuals whom struggle to survive. Citizens of developing nations will need to relearn
many cultural behaviors and practices that have been imbedded in their society for hundreds of
generations. These necessary changes will not come without effort and hardship. Sacrifices
must be made by those already suffering from the unjust reality of the changing climate. But
there is simply no other way to save these individuals and our global community without
teaching them how to sustainably adapt to the changing climate.
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Discussion

The unfortunate reality is that all of the proposed methods of climate change
adaptation require large amounts of financial backing. Something, Mongolia and many parts of
rural China have very little of. However, it is now the responsibility of every global citizen to
support and encourage better land management and industrial regulations. We can no longer
sit and wait for the government to take care of these issues by themselves. We must take
responsibility for our own actions and we must put pressure on industries and farmers to
participate in more sustainable methods of business. It starts with education. We now have a
clear understanding of what will happen if we continue with a “business as usual” approach,
and it is time to educate the world about the cause and consequences of climate change. It is
time for climate change, Earth sciences, and sustainable programs to be taught in schools.
Young children must understand the mistakes of previous generations that have gotten us to
our current (degraded) environmental landscape. Our younger generations must adapt and
make changes so they can guarantee a better, healthier, environment for the future.

While it is now our responsibility as global citizens to take better care of our
environment, governmental officials must create legislation and regulations regarding industry
and agriculture. The first step for China is to create and implement “law and regulations that
support climate mitigation measures” (Wang, Huand, Rozzelle, 16). First China must amend
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and improve their already existing laws then harmonize them with the “associated
administration rules and regulations” (Wang, Huand, Rozzelle, 16). Scientists believe this is
necessary to create large areas of agricultural, pasture, and forest land to be used as carbon
sinks. Second, China needs to work hard in protecting farmland and pasture land and stop
redevelopment of land that could be used to improve their fragile ecosystems. That means
slowing rates of deforestation and maintaining a balance between developed land and
undeveloped land. In the agricultural sector, emissions can be greatly reduced by more efficient
fertilizer application and investing in new technologies to aid in climate change mitigation.
Given the right incentives (tax cuts, rewards, benefits) famers and businesses will adapt to the
necessary change. If shown that changes will benefit commerce, the environment, and human
health, change will be tolerated and enforced.

Mongolia must focus on issues regarding, air quality, power efficiency, and land
management practices focusing on grazing and deforestation. In areas with little wealth,
governmental influence can be limited; educating the citizens about how to live sustainably is
currently the most effective way to help solve the looming problem of climate change. Speaking
directly to the citizens and spreading knowledge is the most efficient way to solve social and
environmental concerns.
The projected consequences for Asia from human impact and climate change serves as
insight into the’ bigger picture’. Water scarcity, poor agricultural decisions, and detrimental
land management practices are occurring all over the world. Every country is somehow
contributing to our changing climate. But it is the underdeveloped, overcrowded, and rapidly
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growing economies like China, India, Mongolia, and parts of South America that are and will
experience the detriments of climate change. With heavy reliance on natural resources for GDP
these regions will soon deplete their assets and be left in worse economic positions. Actions
must be taken now; we cannot continue to misuse the environment as we have for so long.
Governments and citizens must make immediate conscious efforts to change our lifestyle and
enforce regulations so we can safeguard our existence. The time is now.
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